INTRODUCTION
A RECENT PAPER (7) data were presented which indicate that during a gradually increasing stretch of an extensor muscle in a decerebrate cat the smallest alpha motoneurons of the muscle are the first to be discharged and that larger cells are recruited in order of increasing size. Some of the possible explanations for this relationship between size and order of recruitment were discussed briefly. It was concluded tentatively that the size or surface area of a motoneuron determines its excitability and hence its responsiveness to stretch-evoked impulses. If this conclusion is correct, we may infer that size is a prime determinant of excitability throughout the nervous system; if not, the size principle may apply only to motoneurons discharging in response to stretch.
Fortunately, it is possible to test the proposed explanation experimentally. If size dictates excitability, the order in which a group of cells are recruited should be the same regardless of the source of the excitation and the particular circuits involved in mediating it. On the other hand, if the organization of the recruitment in input from , the stretch stretch receptors is responsible for the order of reflex, the order shoul .d change wi th d .ifferent types of excitatory input. Experiments were therefore designed in which the relative excitabilities of motoneurons were first determined by means of stretch reflexes and then retested by * means of crossed-extension reflexes, flexor reflexes, monosynaptic reflexes, and electrical "driving" from the muscle ner ve. The relative susceptibilities of neurons of different sizes to several varieties of inhibition were also investigated to ascertain whether inhibitibility bears some regular relation to cell size. METHODS The methods used in this study were similar to those described in a previous paper (7) In one type of experiment two pairs of electrodes were used to record the monosynaptic reflexes of single motoneurons in separate filamenti and a dual-beam oscilloscope was used to display the two responses simultaneously for comparison.
In other experiments impulses were recorded from two to five axons in a single ventral root filament, so that the size of the impulses could be correlated with the order of recruitment.
In analyzing the records of multiunit filamenti, each unit was compared with all other units in the same filament, a four-unit filament, for example, yielding six pairs of comparisons.
In accord with physiological convention, "extensor" is used to designate muscles which oppose gravity and "flexor" to designate their antagonists.
RESULTS

Recruitment in crossed-extension reflexes
In a decerebrate cat with good extensor tone it is not difficult to elicit crossed reflexes by repetitive stimulation of a nerve in the contralateral hind limb. The motoneurons which participate in this crossed reflex supply extensor muscles in the hip, thigh, and leg. Owing to the mixing of fibers in ventral roots, the discharge recorded from a given filament may consist of impulses proceeding to several different muscles. In eight such experiments the order of recruitment was determined during a series of lOO/sec. stimulations of the contralateral common peroneal nerve at increasing intensities. The duration of stimulation was approximately 1 sec. Recordings were obtained from filaments of LT and S1 ventral roots containing two to five unblocked axons of responsive motoneurons.
Each unit was compared with all of the other units in the same filament for size of impulse and order of recruitment. The oscillographic records yielded 100 pairs of units for comparison. In 82 pairs the unit which was smaller, as judged by the amplitude of its impulses, responded to weaker electrical shocks. In 3 pairs there was no appreciable difference in the reflex thresholds of the two units and in 15 pairs the unit with the smaller impulses had the higher threshold. Thus, even in the very heterogeneous responses of motoneurons to highly unphysiological stimulation, the order of recruitment was in accord with the size of the participating cells in the great majority of instances. In most filaments the units responding in the crossed reflexes were not all the same as those responding to stretch of the triceps surae, but in eight filaments they appeared to be identical.
In all of these the order of recruitment was in accord with the order of increasing impulse size in both types of reflex discharge. Figure 1 illustrates the results obtained in the case of a filament containing two units which responded repetitive stimulation of the contra1 ateral corn to s .mon tretch (A t 4 c> and to peroneal nerve CD, -0 Unfortunately, the number of pairs responding in both stretch and crossedextension reflexes was too small to perm it us to decide whether the "size principle" (7) applied more consistently to homogeneous groups of motoneurons than to mixtures of cells from several pools. 
Recruitment in an ipsilateral extensor reflex mediated by interneurons
The discharge evoked by repetitive stimulation of the ipsilateral sural nerve was also investigated because it has been reported (4) to be an extensor reflex mediated by interneurons.
Two experiments were carried out to examine the distribution of the response in the various muscle nerves of the hind limb. At low intensities of stimulation it was found that the response was limited to extensor motoneurons, chiefly of the triceps group. With stronger shocks flexor motoneurons of the hamstring muscles were discharged as well. The reflexes which were recorded from filaments of ventral roots for statistical studies of recruitment were chiefly in response to weak shocks and 602 HENNEMAN, SOMJEN, AND CARPENTER were, therefore, predominantly extensor. Some discharges in flexor motoneurons, however, were probably included in the records. In spite of this contamination the order of recruitment was not noticeably disturbed. Ninety-four pairs of units were available for comparison in the recordings from filaments of L7 and S1 ventral roots. In 82 of them the smaller unit responded to the lower intensity of sural stimulation;
in 5 pairs the thresholds of the two units were equal ("tied"); in 7 pairs the order of recruitment was "reversed."
In the course of these observations two multiunit filaments were noted in which the same units responded to triceps stretch and sural stimulation in a concordant manner.
Recruitment in flexor reflexes
The first observations on the relationship between the size of motoneurons and their susceptibility to discharge were made by Henneman (6) in studies on the prolonged afterdischarge of motoneurons responding to single shock stimulation of ipsilateral peripheral nerves or dorsal roots. Reflexes of this type are elicited by an excitatory barrage which is purely internuncial and, in general, discharges flexor rather than extensor motoneurons, A further st UdY of flexor reflexes was made during the present series of experimen .ts, usin *g 1 .OO/sec, stimul .ation of the ipsilateral common peroneal nerve instead of single shocks and recording from filaments of the L7 and S1 ventral roots. One hundred eleven pairs of units were available for comparison. In 90 of them the smaller impulses were found to respond to the lower intensity of peroneal stimulation.
In 9 pairs both units were found to have the same reflex threshold and were recorded as 'Yies." In 12 others (llyo) the order of recruitment was reversed. As far as can be ascertained from recruitment studies, therefore, the relationship between cell size and reflex excitability is statistically as significant for flexor as for extensor motoneurons.
Recruitment in reflex responses to stimulation of nerues to the triceps surae In a decerebrate preparation repetitive stimulation of the nerves to the triceps surae elicits a maintained discharge of its motoneurons resembling the response to stretch. The input resulting from such stimulation differs, however, from that evoked by stretch. It consists of synchronous volleys rather than asyn&ronous firing of individual fibers. Moreover, in graded electrical stimulation of this kind nerve fibers are discharged in order of their decreasing diameters, hence the various types of stretch-afferent fibers do not contribute to the influx in a normal manner. With these differences between stretch reflexes and electrical driving in mind, recruitment was investigated during lOO/sec. stimulation of the triceps nerves at various intensities. One hundred four pairs of units were available for comparison in the records taken from filaments of L7 and S1 ventral roots. In 88 of them the smaller unit responded reflexly at a lower stimulus intensity; in 5 pairs the sizes or the thresholds of the two units were indistinguishable; in 11 In a smaller series of observations on pairs of single units located in separate filaments, recruitment was compared in stretch reflexes and electrical driving as illustrated in Fig. 2 , frames l-3 and 7. As column 6 of Each entry shows the number of cases where any one pair of filaments showed the number of disagreements indicated on left-hand margin out of a total number of tests indicated above each column. Only those experiments are entered in which three or more functions were tested. studied, the orders of recruitment during stretch and electrical driving were completely concordant.
In several cases the effects of increasing the frequency of electrical stimulation while keeping the intensity constant were investigated.
It appeared that this method of increasing the intensity of stimulation also resulted in orderly recruitment.
From these experiments we may infer that the exact composition of the input from a muscle and its time relations are not essential for orderly recruitment of its motoneurons.
Comparisons of thresholds of motuneurons in reflexes and monosynaptic reflexes stretch If the size of a motoneuron determines its excitability, as we have pro-poseJ, the relative excitabilities of two motoneurons should be the same regardless of how they are tested. A unit which is more excitable than another, as judged by its maintained response in a reflex evoked by stretch, should also have a lower threshold in a monosynaptic reflex elicited by electrical stimulation of a nerve. These two ways of testing excitability differ considerably.
In a stretch reflex the motoneurons are subjected to a mixed excitatory and inhibitory input from three types of receptors. The afferent impulses are conducted over different circuits and arrive asynchronously.
In the case of monosynaptic reflexes, as used experimentally, the motoneurons respond to synchronous volleys in group IA fibers; inhibitory impulses may reach the motoneurons via internuncial cells but they arrive too late to influence the response. We have tested a series of units in pairs by each of these methods. In order to do so, ventral roots were dissected into filaments, each of which contained only one unit responsive to stretching of the ipsilateral triceps surae muscles. Recordings were made from pairs of filaments simultaneously, using two sets of recording electrodes. This method of comparison was found to be more reliable than measuring thresholds for a large number of units over a period of hours, because of fluctuations in the intensity and distribution of decerebrate rigidity. The tensions required to elicit reflex discharges from each of the paired units were determined first. Then brief rectangular (0.05.msec.) pulses of increasing intensity were applied to the muscle nerve at 2-sec. intervals and the order in which monosynaptic reflexes appeared in the two and recruitment to stretch filaments was were said to noted. Monosynaptic excitability be concordant whenever the unit which was more sensitive to stretch responded monosynaptically to a weaker shock than its pair. The records reproduced in frames l-3 and 12-13 of Fig. 2 are an example of concordance. The unit whose activity was recorded on the upper beam had a lower threshold in the maintained stretch reflex (frame 2) and in the monosynaptic reflex (frame 12). The unit whose activity was recorded on the lower beam was recruited later with additional stretch (frame 3) and with a stronger electrical shock (frame 13).
In some instances the motoneurons which responded to stretch did not discharge in response to each successive electrical stimulus even when the shock strength was maximal for index" (10) was determined from group IA fibers. In 25-50 trials and used such cases the as a measure of "firing monosynaptic excitability.
When the firing index was zero for both units, resort was had to posttetanic potentiation (PTP) to ascertain the relative excitabilities of the units. The muscle nerve was stimulated at 500/set. for 5-15 HENNEMAN, SOMJEN, AND CARPENTER sec., following which single shocks were applied to the ner've at 2-sec. intervals until both units ceased to fire. Almost all motoneurons could be discharged posttetanically (5). The unit which continued to respond monosynaptically for the excitable of the two. longer time during PTP was taken as being the more Fifty-five pairs of units were examined according to the above criteria. As shown in column 4 of Table 1 , the relative excitabilities were concordant in 48 pairs, discordant in 4 pairs and tied in 3 pairs. In 39 of these 55 pairs both units responded tonically to stretch; in 16 pairs one or both units responded phasically.
The discordances and ties all occurred between the tonic units. It was a somewhat surprising finding that out of a total of 71 motoneurons which were capable of maintained rhythmic discharge when the triceps muscle was stretched, 16 failed to respond to unpotentiated single shocks and 15 others had intermediate firing indices (see Table 2 ). (Note that the total number of single units is less than twice the number of pairs tested for monosynaptic excitability, because some filaments were used more than once, sometimes in conjunction with several others.) It appears that stretching an' extensor muscle of a decerebrate animal is more effective in eliciting reflex Table 2 shows 3 units out of a total of 85 which responded monosynaptically after PTP but cduld not be made to respond to stretch. Such units were not sought systematically and their true incidence may be greater than it appears in Table 2 .
In these experiments where the two units were contained in separate filaments there was usually no way to compare the sizes of the two fibers. Since responsiveness to stretch is closely related to size (7) and "monosynaptic excitability" in turn is closely correlated with %tretch excitability," it is reasonable to conclude that smaller motoneurons are more readily fired by single-shock monosynaptic activation than larger ones. In a few instances records were first obtained from a two-unit filament, then this filament was subdivided and the same two units were successfully separated so that their responses to single shocks could be compared. Although small in number, these observations reinforced the above conclusion.
Recruitment during convulsive' discharges
On several occasions convulsive activity developed spontaneously in decerebrate preparations during the course of a long experiment or termi-nally when the respirator was turned off. A recording from an S1 VR filament on moving film during one of these episodes reveals striking evidence of orderly recruitment (Fig. 3) . It may be seen that the activity of the smallest of the three units taking part in the discharge tended to precede (row A) and to outlast (row C) that of the intermediate unit which, in turn, preceded and outlasted that of the largest unit. The nature of the excitatory drive responsible for these discharges was not determined. 
Relation between size of motoneurons and their susceptibility to inhibition
In view of the relationship which has been established between the size of motoneurons and their excitability, it is natural to inquire whether susceptibility to inhibition is also a function of size. The experiments designed to investigate this question have yielded clear and consistent results which suggest that size is an important factor in determining a cell's response to all synaptic influences.
The records reproduced in Fig. 4 show the order in which two units of different sizes in the same filament were recruited and inhibited.
The upper tracings show the smaller unit responding at first phasically, then tonically to increasing stretch. With further elongation of the muscle the larger unit was recruited into activity and finally, during release of stretch, the larger ceased firing before the smaller unit. The lower records, taken 20 min. later, show the effects of adding crossed excitation or ipsilateral inhibition to an ongoing stretch reflex involving the same two units. During the course of each crossed extension the larger unit commenced to fire and continued to do so until inhibition silenced it. Thus, the larger unit, with a demonstrably higher threshold for excitatory reflexes, was also more readily silenced than the smaller one. Such behavior will be referred to as concordance between the order of recruitment and the order of inhibition. By increasing the strength of the electrical shocks applied to an ipsilateral nerve, it is possible to grade the intensity of the inhibitory influx directed at triceps motoneurons.
The records in Fig. 5 illustrate how three different levels of inhibition altered the response of three triceps motoneurons to stretch. Portion A of the figure shows the orderly recruitment of these three neurons with increasing stretch. After the normal pattern of orderly recruitment had been established, a 4-kg. stretch, sufficient to elicit tonic firing of all three motoneurons, was applied by elongating the muscle to a fixed length. This stretch was maintained while the effects of inhibition shown in Fig. 5B were recorded. The records labeled l-4 on the left side of Fig. 5B show the responses of these cells (no. 1) before any inhibitory stimulation and (no. 2) after weak, (no. 3 
HENNEMAN, SOMJEN, AND CARPENTER
Quantitative representation of the interaction of excitution and inhibition in cells of different size The foregoing observations indicate that the overt response of a motoneuron varies with the size of the cell, the level of excitation, and the intensity of inhibition.
The interaction of these three variables in determining the level of ' activity of a motoneuron was given special attention in four experiments. The results in one of these are shown by means of the three-dimensional diagrams in Fig. 6 . In parts A, B, and C the rate of discharge of each of three different motoneurons is shown on the vertical, or y axis. The cells were subjected to various mixtures of excitation and inhibition, whose intensities can be read on the x axis (inhibition) and z axis (excitation). The data used in constructing A, B, and C were obtained concurrently so that the experimental conditions were identical in each case and the results are suitable for comparison.
The experiments were conducted as follows. The muscle was stretched to an extent indicated on the x axis. Then the deep peroneal nerve was stimulated at a rate of lOO/sec. and an intensity shown on the x axis. This inhibitory stimulus was applied every 4 sec. for 0.9 sec. The frequency of firing of the motoneuron was counted during the last 0.5 sec. of each stimulus period. After each series of inhibitions at a given stretch the muscle was released completely and a rest interval of 20-40 sec. was allowed before the muscle was stretched to a new length. The points shown on the graphs in . F% . 6 are the means of two runs. One run was carried out while the muscle was extended further for each series of inhibitions;
the other was performed while the muscle length was progressively decreased. There was no systematic difference between the results of the first and second
Of the three units whose responses are plotted in runs. Fig. 6 the smallest and most excitable was that of part A, which was spontaneously active with the muscle completely relaxed. The stretch threshold of the intermediate unit (6B) was between 0 and 5 mm. extension and that of the largest and least excitable unit was between 5 and 10 mm. At all levels of stretch the intensity of inhibitory stimulation required to silence a unit was always greatest for the most excitable cell (6A). Part D of Fig. 6 Table 1 ) were studied as well. Out of this total of 155 comparisons discordance between the order of recruitment and the order of inhibition was seen in only 8 instances. In another series of experiments inhibition of the monosynaptic reflexes of paired triceps motoneurons was examined. Thirty pairs of units whose relative excitabilities had been established by monosynaptic testing were studied. Each unit was in a separate filament. Test shocks were applied every 3 sec. to the muscle nerves and their intensity was adjusted so that both units responded monosynaptically as in frame 13 of Fig. 2 . Sometimes posttetanic potentiation was required to keep both units responding. Then a single shock (I in frame 14), applied to the deep peroneal nerve, was introduced preceding the test shock (E in frame 14). The interval between the two shocks varied from 0.9 to 3.0 msec. in different experiments.
The intensity of the conditioning shock was gradually increased until the monosynaptic reflex of one of the two units was suppressed as in frame 14. In 29 of the 30 pairs so tested the relative excitabilities and inhibitibilities were found to be concordant (one pair was tied), a smaller inhibitory stimulus being sufficient to suppress the response of the less excitable unit (see column 5 of Table 1 ).
In another group of experiments the main portion of the cut ventral root was stimulated antidromically in order to elicit recurrent inhibition of stretch-evoked responses. A total of 35 pairs of units were available for comparison. In this series of observations only filaments in which the order of recruitment was perfectly in accord with cell size were accepted for study. In all 35 pairs without exception the order of inhibition was concordant with the order of recruitment, Finally, in several instances it was possible to observe the relative effects of autogenetic inhibition on a group of units discharging in response t,o stretch of the triceps surae. Frames l-5 of Fig. 2 illustrate the responses of two units in separate filaments to increasing degrees of stretch. The less excitable of the two units, which recruited later to stretch (frame 2-3), was the first to be completely silenced with additional stretch (frame 5). The differential effects of autogenetic inhibition can also be seen in Fig. 6 . The three units whose responses are graphed in A, B, and C were all affected as can be seen from the decreasing rates of discharge with stretch in excess of 15 mm. Only the largest and least excitable of the three units, however, was completely silenced by a stretch of 25 mm. (Fig. 6C) . Autogenetic inhibition was observed only occasionally and therefore no systematic study of it was carried out,.
In all of these different types of inhibition the discharging units were silenced in a sequence which was the reverse of that observed during recruitment. Thus, the order of inhibition was generally identical with the order of dropout during release of stretch or during any deliberate decrease in excitatory drive. The implications of this finding will be considered in the DISCUS- 
Agreement between different tests of excitability
In the course of the experiments on single units in separate filaments it was often possible to test the relative excitabilities or inhibitibilities" of the paired units in a number of different ways. The results of all such multiple tests are compiled in Table IA . The format of the table is designed to bring out the agreement (concordance) or disagreement (discordance) between any combination of the six different tests. In all of the 15 possible combinations the results were overwhelmingly concordant.
The only cells known to be common to all six test circuits were the motoneurons themselves. Since relative excitability was, to a significant degree, invariant, some intrinsic and unchanging property of the motoneurons must determine their responsiveness to all synaptic stimuli.
From all available evidence this property is closely correlated with the size or surface area of the motoneurons. Table 1B indicates how the discordances in the above data were distributed with respect to the number of different tests applied to each pair of units. Regardless of the number of tests applied, the incidence of discordances never approached the incidence of concordances (zero line in Table 1 ).
Of the seven filaments which had any discordances, four had more than one, which is a point of some interest (see DISCUSSION) .
Persistent effects of excitation and inhibition
In the course of these experiments it was frequently noticed that brief excitatory or inhibitory stimuli caused effects which persisted long after the stimuli. The influence of crossed extension and ipsilateral inhibition on the response to a constant stretch, shown in Fig. 4 , are examples of such changes. During the course of a stretch reflex involving the smaller of two motoneurons, a brief crossed-extension reflex was elicited which resulted in recruitment of the larger unit. After the stimulation the larger unit continued to fire until it was inhibited by a brief ipsilateral inhibitory stimulation. It remained silent until another crossed-extension reflex was elicited. In this way the firing of one or more motoneurons could often be turned on by one stimulus and off by another. The alternation could be repeated many times. The effects often lasted far longer than those illustrated in Fig. 4 .
Another example of a persistent change in responsiveness is seen in Fig.  5B . Following a weak inhibitory stimulation, the largest of the three units responding to stretch remained silent (frame 2). After inhibition of the intermediate unit by a stronger stimulation, that unit resumed firing, but after inhibition of all three units only the smallest one recovered (frame 4).
It should be noted that "rebound" from inhibition as described by Sherrington (11) was also seen in some experiments but was less frequent than persistent inhibition. The minimal intensity of inhibitory stimulus 4 "Inhibitibility" is purely an operational term of convenience.
It does not necessarily define the responsiveness of cells to inhibitory stimuli.
The order in which neurons are silenced may simply be a reflection of their differing excitabilities, by 10.220.33.1 on November 3, 2016 http://jn.physiology.org/ Downloaded from which was followed by rebound was somewhat higher than the intensity of inhibition which left a persistent aftereffect. Whenever rebound was evoked, persistent inhibition was completely masked.
DIS CUSSION
Generality of the results
The first objective of these studies was to determine whether the relationship between the size of motoneurons and their excitability, which had been examined statistically with respect to stretch reflexes (7) , applied to other types of excitation as well. The results gave a clear answer to this question. Regardless of whether the excitatory stimuli arise ipsilaterally or contralaterally, regardless of whether physiological stimuli or electrical driving is employed, regardless of whether the responses are elicited monosynaptically or polysynaptically, and regardless of whether the motoneurons are flexor or extensor, the order of recruitment is in accord with cell size. The second purpose of the experiments was to ascertain whether susceptibility to inhibition bore a relation to cell size. Once again the data were unequivocal.
Regardless of the existing lev pel of excitatory drive, regardless of whether the motoneurons are responding rhythmically to stretch or monosynaptically to synchronous volleys, and regardless of whether the impulses which evoke the effect arise in the same muscles (autogenetic inhibition), in opposing muscles (reciprocal inhibition), or in the discharging motoneurons themselves (recurrent inhibition), the size principle applies equally well. The inhibitibility of each cell is strictly size-dependent and is approximately the inverse of its excitability.
When excitation and inhibition are applied simultaneously to cells of different size the interaction of the two opposing effects does not derange the order of recruitment or inhibition (Fig. 6 ). It seems clear, therefore, that a general principle is at work which applies to all spinal motoneurons and to most of the conditions in which they function.
The hypothesis concerning size re-examined In a previous paper dealing with stretch reflexes a tentative explanation of the relation between size and excitability was advanced. It was proposed that the input resistance of motoneurons varies inversely with their size like that of muscle fibers (8) . As a consequence, excitatory impulses impinging on cells of different sizes presumably generate larger synaptic potentials in small cells than large ones, just as equal amounts of transmitter generate larger miniature end-plate potentials in small muscle fibers than in large ones. The results of this study do not provide any direct proof of the above hypothesis, but they appear to be in harmony with the implications of the theory. If excitability is a function of size and a group of cells is excited uniformly with increasing intensities of stimulation, the order of recruitment should be the same regardless of the source of the excitation or the particular 616 HENNEMAN, SOMJEN, AND CARPENTER circuits involved in mediating it, The results summarized in Table 1A provide evidence that the relative excitabilities of motoneurons do not vary with different modes of excitation.
Alternative explanations which assume that a greater density of certain endings on small cells accounts for orderly recruitment appear very unlikely in view of the present results. It is easy to imagine how systematic differences in the size, density, or location of afferent terminals on mot,oneurons could explain orderly recruitment in any one type of reflex, but not in a variety of reflexes involving the same motoneurons.
A small cell, for example, could scarcely have a greater density of endings from all of its afferents than a large cell in the same pool, particularly since motoneurons of different size are known to have essentially equal densities of synaptic portions of the soma and dendrites (3) .
knobs over all
The findings raise an interesting question with respect to inhibition. If the amplitude of excitatory postsynaptic potentials varies inversely with the size of the cell, it might be argued that inhibitory postsynaptic potentials are influenced in the same way. As a consequence, small cells, though exci ted more effectively, would also be inhibited more forcefully, making their chances for inhibition about equal to those of large cells. Kuno (9) has shown that inhibitory potentials are bigger in soleus motoneurons than in the larger gastrocnemius cells. Even more pertinent are the observations of Eccles et al.
(1), showing that -t;he size of IPSPs in motoneurons is related directly to the duration of afterpolarization and that the duration of afterpolarization is related inversely to the axonal conduction velocity of the cell. Thus, the smaller a motoneuron is, the larger its IPSPs should be. It is reasonable to assume, however, that the conductance change caused by the inhibitory transmitter is of more importance in bringing about inhibitory action than the potential change. It, is known, in fact,, that inhibition can be effective without an IPSP under some conditions (2) . In short, although the change in potential may be correlated with cell size, the conductance change may be independent of cell size. Whatever the answers to these questions may be, it is clear that inhibitibility is directly related to cell size, not inversely. The results suggest that inhibition, if present, opposes excitation with equal potency in cells of all sizes and therefore does not disturb the fundamental relationship between size and excitability.
Significance of exceptions and discordances in the data
In a previous paper (7) the incidence of reversed recruitment (12-15s) was discussed and it was concluded that these ('exceptions"
were primarily a result of injury to nerve fibers occurring during the separation of fine filaments. Nothing in our present experience alters this opinion. If exceptions are due to neural factors as well as fiber damage, their incidence should be significantly greater in heterogeneous reflexes involving the motoneurons of several different pools than in homogeneous responses such as stretch reflexes. One would expect that the inputs to the various pools taking part in a flexor reflex or a crossed-extension reflex would be unequal, depending upon the extent to which the various motoneurons participate in these responses. As a result, one would expect to recruit small cells from a relatively inactive pool later than larger cells from a very responsive pool. To some extent neural factors such as this may contribute to the exceptions, but since the incidence of exceptions in flexor reflexes and crossed reflexes was no greater than in stretch reflexes, we doubt whether neural factors are as important as fiber damage.
The agreement between different tests of relative excitability and inhibitibility revealed in Table 1A and in the experiments on inhibition tend to reinforce the opinion expressed above. Concordance between tests of excitability indicates that the relative excitabilities of the units being compared did not change when ne Ural factors were al tered . Discordance suggests that rela tive exci tabilities are not constant and that exceptions may be related to factors other than fiber damage. The incidence of discordances was consistently low and therefore tended to minimize such factors. It was felt, however, that discordances should not be ignored completely.
In an attempt to examine the data critically, Table 3 was compiled indicating the coincidence of discordances actually observed and the coincidence expected by chance. The observed coincidence exceeded the expected coincidence in one type of comparison involving 84 pairs (A), but not in another type involving 55 pairs (B). The table suggests that a careful study of a large number of discordances It has been shown experimentally that when cells are subjected to various mixtures of excitation and inhibition, the sequence in which they are recruited or inhibited does not deviate from the order of sizes. This unchanging sequence in the face of a changing input argues strongly, as we have already stated, that the properties of the motoneurons themselves dictate the order of recruitment and inhibition.
In reaching this conclusion, however, we do not imply that the input is unimportant.
Cell size can only determine the firing order in a group of cells if the excitatory drive impinging on each cell is of equal intensity relative to all the other cells. We do not know how this equalization of input is achieved for cells of different size. An arrangement whereby each cell in a pool has an equal density of endings from a particular afferent system might result in equal synaptic drive for each cell. Whatever the organization may be, the laws governing the distribution of terminals to motoneurons must be very stringent to ensure adherence to the size principle under a wide variety of inputs.
In a speculative vein, we infer that the number and arrangement of endings on motoneurons is precisely regulated SO that input from each afferent system is apportioned among all the cells of the pool. The various inputs to a pool are presumably unequal in their effects; some exert strong effects, others very weak ones. It appears to us that a given cell must receive a proportion of the total x input to the pool which is equal to its proportion of the total y input, which is equal . . -etc. If inputs are proportionally distributed as we suggest, then the ratio of any given inhibition to any excitation must always vary in the same manner for all cells in the pool. Our results with mixtures of excitation and inhibition would seem to require this type of organization. SUMMARY 1. The susceptibility of motoneurons of different sizes to various types of reflex excitation and inhibition has been investigated in decerebrate cats. The amplitude of the impulses recorded from ventral root filaments was taken as an index of axonal diameter and relative cell size. The order in which cells were recruited or silenced was taken as an index of their relative excitabilities or "inhibitibilities." 2, In general, the smaller of any two responding units in a filament was discharged at a lower intensity of stimulation than the larger regardless of whether the excitatory stimuli arose ipsilaterally or contralaterally, regardless of whether physiological stimuli or electrical "driving" was employed, regardless of whether the responses were elicited monosynaptically or polysynaptically, and regardless of whether the motoneurons were flexor or ex- 
